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1. GENERAL INFORMATION: 
1.1 PURPOSE: 



To prepare an injection moldable conductive polymer composite which will have a resistivity of 0.01 ohms- 
cm or lower. 

1.2 TIMING: 

This project began with 01 2442-51 on June 15th 1998. 01 2557-20 is continuation of 2442-51. 

1.3 BACKGROUND / PRIOR or RELATED EXPERIMENTS: 

Fuel cell applications are being held back by the current high cost of fuel cell components, such as the 
"bipolar plate". Recent technology has moved the production process (or this component from machining of 
graphite slabs to compression molding of polymer/conductive filler composites. The development of an 
injection moidiable polymer/conductive filler composition would further reduce the cost into the range desired 
by fuel cell manufacturers such as Ballard Systems. 

It is believed that the right combination of conductive fillers with the right base resin and the right 
compounding process, possibly with processing additives, is capable of providing a functional injection 
moldable composition. 

LCP (DuPont Zenite'') compositions filled with conductive fillers are potential candidates. The expected 
range of filler level ie between 50 to 80%. The types of fillers include Conoco's Thermocarb CF300, various 
carbon fibers, and possibly various carbon blacks. 

Ballard have been shown an injection molded disc comprising LCP tilled with about 70% by weight of a 
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Conoco powdared graphite called 'Thermocarb" . This sample provided a resistivity of about 1 ohm-cm. 
Ballard's target is 0.01 ohm-cm. Another sample comprising 30% LCP and 55% Thermocarb and 15% 
Heycel carbon fibres (0.25") was mixed up in the small Brabender mixing head (m/h). Hot water washed. 
Waring blender "Huffed" fibres were used along with a "double pass" in the mixing head to provide a 
composition which when compression molded at about 30,000psi showed a resistivity of 0.05 ohm-cm. 
Ballard were shown this sample and impressed enough to request a follow up injection molded sample with 
equal or better (0 01) resistivity. 

This work Is directly focused on providing a eompoaltion to maot B allard'a needs 

Through optical microscope analysis (012442-51 and 2442-65, Fig.M3 ). it can be observed that the Panex 
fibre were subject to severe breakage during W&P compounding and the following injaclion molding. The 
fibre length was observed to be less than 200 micrometers. No conductive network has been formed. The 
resisitivity of our injection molded plaques using Panex or Hexcel carbon fibres can not meet our target, 
even though the gentlest mixing in Brabender or dry blending were tried to avoid severe fibre breakage. 

In the following work, Nickel-coated Carbon Fibres (NCF) are to be used In order to get longer fibre length in 
injection molded samples. We chose NCF because 

(1) Nickel has excellent corrosion resistance. It is important for fuel cell bipolar plates 

(2) Nickel-coated carbon fibres have lighter density (in comparison to 100% nickel fibras or stainless steel 
fibres) and much better conductivity (in comparison to any carbon fibres) 

(3) Nickel-coated carbon fibres has acceptable price. 

The metal coating should help prevent from fibre breakage and help form conductive network and therefore 
improve conductivity of the composites. NCF could be supplied in the form of unsized roving or chopped 
prepregs. We will use NCF or together with Thermocarb ooncentrata to fill LCP through compounding in 
Brabender mixer, W&E twin screw extruder or just dry blending. The compounded materials will be used for 
injection molding of conductive plaquos. 



1.4 EXPERIMENTAL SCOPE 
1.4.1 Design Cor^trol: 

The conductivity is potentially affected by the following parameters: 

• Base resin characteristics 

• Filler Type and loading 

• Compounding shear/heat history 

so that we need to investigate each of these in the design. 

Therefore the design of this experiment revolves around: 

1) specific composition 

2) specific process 

within conventional compounding methods. 

While principles exist on which to base experiments, no models are available with which to set composition 
or process. We know that the conductive particles must "touch" (form a conductive network) to create a 
conductive path through the polymer. 

We expect to be able to meet the target by some combination of conductive powder and some conductive 
fibre in a low viscosity base resirt having adequate stability for the fuel cell application. 
We expect to be able to mix the composition sufficiently well by designing a screw or other mixing tools like 
Brahender-mixer with a gentle shear to retain fibre length. The key yvill be to disperse the fibres optimally 
while breaking as few as possible to maintain fibre length/connectivity. 



0 Page No. 



,?3V^cl a understood by m.v. 



Oat? 



Recorded by 



'Hi 



OCT-01-01 I5;3B Froin:DIMOCK STRATTON CLARIZIO 



Prom Feqe K'o.. 



8 



4169716638 T-340 P. 16/39 Job-511 

Book No._^3£^ 



Some special techniques such a forming two phase systems and having the conductive material 
concentrate in the boundaries might be applied as the work continues, but In these preliminary experiments 
the work with be mainly empirical. ^ 

1.4.2 Process; 

Preparation of flilea polymers using routine techniques and compounding equipment and trained 
resources available at RDK a m k 

No new process technology expected to be required except that pertaining to the control of the 
exposure to conductive fillers, some of which e.g. conductive carbon powder, are considered potential 
carcinogens. Any volatile components which may escape up the vacuum vent need to be recognized and 
caught in a cold trap if quantities exceed allowable limits (ref. Safety Health and Enviromental Protection 
Manual-Section 5-20) 

Some analytical techniques will be required like measurement of volume resistivity, optical or 
electronic microscope, mechanical properties tests. 

1.4.3 Equlpfpent 

According to different experiment designs and formulations, different equipment will be used These will be 
stated respectively in the individual experiment later. 

1.4.4 Disposition of Samples 

The best injection molded plaques will be tested and sent to Ballard. 

1.4.5 Identifying and Deal ing with Non Standard CondiHons 

The nature of this experiment means that most of the time we will be dealing with "non standard" conditions 
because the product and process has not yet been developed /standardized. As yet there are no standard 
conditions. 

However, there are other "unacceptable" conditions to be aware of throughout these runs 
gome of these pertain to safety and are dealt wit h more fully In the Safety/Hazard Analysis sect ion 
below . — — — ^— — — 

• There must be no escape of loose airborne filler particles from any part of the equipment. There is a 
inhalation and skin/eye irritation health hazard as well as the electrical short circuit hazard due to the 
tillers being highly conducting. See additional comments under Safety below. 

• The high filler contents will mean difficult mold filling and high torque is a constant possibility. 

• Other non standard conditions would relate to machine settings obviouely not corresponding to those 
laid out in this operating instruction, high/low temperatures, high pressures, If these are seriously out of 
range, the run should be interrupted to investigate reasons and correct the problem 

2. SAFETY. HEAIi.T H PROTECTION - HA2ARD ANALYSIS 

ROUTINE ISSUES 

JL Read the MSDS for all materials to be used 

2. Read Ol 

3. Read Standard Practice of the equipment to be used 

4. Check all ventilation ducts etc are on and creating sufficient suction to remove any expected 



Wit 



ri^-Sscd L Understood by me, 



Page Ko 



Oc.te 



Invented b\ 



Recorded ^TJ^^J^^^^Zy 



OCT-0)-OI 15:39 F rom:DI MOCK STRATTON CL ARIZ 10 41697I6G38 T-340 P. 17/39 Job-518 



F'ron Paqe No.X 



Take precautions in handling hot polymer during compounding. Exercise care around hot surfaces - wear 
orotective gloves. Wear necessary personal protective equipment (sleeve guards/aprona etc) and employ 
effective local ventilation to remove fumes/dust from the worl< area. If any problems cause potential dust / 
fume exposure wear a pre-fined approved face mask with organic/dust filter, 
n the event of absolutely needing (avoid if at all possible) to look down extruder orinjection molder feed 
hoppers, vents, or standing in line with die/nozzle wear full face protection to guard against unexpected blow . 
oSfcrho. polymer, and long sleeve protection - ESPECIALLY IF DIFFICULTIES ARE BEING 
EXPERIENCED 

Avoid spilling raeln pellets on the floor and sweep up promptly if spilled as they provide a particularly high 
risk for a slip / fall injury. 

SPECIAL SAFETY ISSUES AND MEASURES FOR THESE EXPERIMENTS 

(1) Nickel Coated carbon fibres are highly electrically conductive. Although the fibres are bundled wim resin 
binders, there are still some short fibres or bundles which can fly in the air. Therefore sucking vent must be 
installed above the fibre feeding hopper and care must be given to prevent the fibres from flying into any 
electrical instrumants. i.- ^, oK^rt Mr^ 

(2) The standard fibre size we will use in the experiment is V. inch long. 8-10 \U in diameter. S^iort NO 
rbres could be inhaled into human body and cause heath problems. The International Agency for Research 
on Cancer (lARC) concluded that metallic nickel is possibly carcinogenic to humans. Therefore, we w,ii use 
the procedures outlined in OI-2442-51 (auxiliary hopper) to control possible exposure to ^^^^^^^^^ 
fibres The auxilliary hopper will be filled with nickel coated fibres in fume hood and installed onto tlie fibre 
feeder Engelhardt. Once compounded, the nickel-coated fibres will be encapsulated in LCP resin as 
such prevent direct exposure. Operators should wear mask and gloves to avoid direct skin con act w, h 
Si Sed carbon fibres. Please refer to MSGS of nickel coated carbon fibres for detailed information on 

S'ThSei-coated carbon fibres to be used has 0.5% amino silane coupling agent and 10-20% of resin 
binder on the fibre surface. According to fibre suppliers information, the minor amount of coupling agent will 
not cause problems during the extrusion under 300C. Care should be given to any possible thermal 
degradation of resin binders. If any degradation occurs, virgin RE will be used to flash the barre 

Hiqh filler loading can cause too high melt torque during the extrusion. Therefore, care should be 
exercised on starting. If this occurs. PE will be used to flash out the materials from me barrel. 

(5) Good ventilation must be kept above fibre feeder or vent. 

(6) All hazardous filler materials are to be handled in a fume hood (or other ventilated enclosure) 
Related Procedures/Reference Documents: 

All (vISDS & Standard Practices for these equipment to be used must be on hand. 
CL. REGULATORY ASPECTS: 
yVHl^lS: No controllable substances. 

p^PA: report any new materials ordered: LCP, PP, Carbon fibres, Nickel-coated carbon fibres, graphite 
powder etc. 

5. ^NVIRONMpNTAL IMPACT: 

Minimal air / water impact via fumes extracted via the vacuum system and local ventilation ^'i^^^^-^'^^'^ 
uap to catch volatile components. Quantities escaping / emissions are veiy small - ^ "'^ul to quanWy 
"P(?mp out" and "non standard" product can go to landfill as per normal polymer waste as long ae the fillers 
are "encapsulated". 

6. RELATED PROCEDURES/REFERENCE DOCUMENTS: 
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MSDS, Standard Practice, Safely, Health and Environoiental Manual, 
7. PROCESS VARIABLES: 

A detailed "run" sheet, referenced to related experimental operating instruction (0.1.) with final details and 
calculations must be developed from the above information and provided to the equipment operators and 
entered into a Laboratory Noteboolc. 

All run details (amounts used, lot numbers, actual pressures & temperatures ) as experienced, and testing 
results obtained ar« also to be entered into the Laboratory Notebook and recorded along with this 0.1. 
All samples are to be labeled in accordance with usual RDK practice of notebook number/page/sample 

In the following formulations, Unsized Nickel-coated Carbon Fibres (UNCF) are to be used In 
order to get longer fibre length in compression or injection molded samples. The metal coating 
should help prevent from fibre breakage and improve conductivity of the composites. UNCF will 
■be compounded with Thermocarb graphite powder (T/C) and resin (LCP) in a Brabender 
Plasticorder. Compression-molded samples will be made from the compounded materials. 

We obtained UNCF rovings from its producer. These will be chopped to 1 inch long for feeding to 
;Brabender. 





UNCF 


T/C 


LCP 


.2557-05-1 


42% 


14% 


44% 


(40 Gram) 


(16.8) 


(5.6) 


(17.6) 


.2557-05-2 


28% 


28% 


44% 


. (40 Gram) 


(11.2) 


(11.2) 


(17.6) 


2557-05-3 


14% 


42% 


44% 


(40 Gram) 


(6.6) 


(16.8) 


(17.6) 


- 2557-05-4 


51% 


17% 


32% 


(40 Gram) 


(20.4) 


(6.8) 


(12.6) 


2557-05-5 


34% 


34% 


32% 


(40 Gram) 


(13.6) 


(13.6) 


(12.8) 


2357-05-6 


17% 


61% 


32% 


(40 Gram) 


(6.8) 


(20.4) 


(12.8) 
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Brabender blending oondition: 

320C, speed 9, feed at first resin, then T/C and finally fibre, mix 5 min after fibre feeding 

Compression molding condition: 
9 gram material, 320C 
Teflon film on top and bottom of mold 
Preheating under 1x1000 lbs for 5 min 
Regulate disc Into cav/ity 

Press under 8x1000 lbs for 10 min, then water cooling under pressure (8x1000 lbs) to 100 
C, Air cooling and blowing out the water left 
Open clamp and mold 

Results 

1 . Brabender mixing 

Long fibres with a few mm were visible from mixed materials. This tells us that the NC fibres can 
survive Brabender mixing much better than Panex or Hexcel fibres. 

2. Some NC fibre bundels were still visible from the surfaces of compression molded discs 

3. V-Resistivity (Table 8) 



Table 8 Volume Resistivity of 2557-05-1 


to 6 


Sample NO. 


Volume Resistance R (Q) 


Volume Resistivity p (Q- 




CM) 




Compression-molded disc 


Factor: 2 


2557-05-1 


Thickness=1 .9mm 






0.03 




(42%UNCF+ 


0.09 




14%T/C+ 


0.08 


0.15 


44% LCP) 


0.05 






0.12 






Average=0,074 




2557-05-2 


T=2.15mm 






0.33 




(28%UNCF+ 


0.20 




28% T/C+ 


0.40 


0.56 


44% LCP) 


0.20 






0.27 






A=0.28 




2557-05-3 


T=2.2mm 






0.15 




(14%UNCF-t- 


0.16 


0.22 


42% T/C+ 


0.12 




44% LCP) 


0.08 






0.05 






A=0.11 
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2557-05-4 
(51%UNCF+ 
17%T/C+ 
32% LCP) 



2557-05-5(1) 

(34%UNCF+ 
34% T/C+ 
32% LCP) 



2557-05-5(2) 



2557-05-5(3) 



2557-05-6(1) 

(17%UNCP+ 
51%T/C + 
, 32% LCP) 



2567-05-e(2) 



2557-05-6(3) 



T=2.3mm 
0.0192 
0.0318 
0.0250 
0.0267 
0.0582 
A=0.032 



T=2.2mm 
0.0151 
0.0165 
0.0192 
0.0086 
0.0130 

A=0.0144 

T=2.5mm 
0.0106 
0.0108 
0.0040 
0.0220 
0.0118 

A=0.0118 



T>-2.5mm 
0.0230 
0.0138 
0.0096 
0.0232 
0.0094 
A=0.016 



T=2.4mm 
0.0146 
0.0180 
0.0494 
0.0258 
0.0230 
Av9rape=0.026. 



T=2.5mm 
0.0152 
0.0268 
0.0181 
0.0108 
0.0065 

A=0.0154 

T=2.5nnm 
0.0280 
0.0163 
0.0242 
0.0170 
0.0127 

A=0.0196 



0.06 



0.03 



0.02 



0.03 



0.05 



0.03 



0.04 
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Discussion 



From the results listed in table 8 we can draw the following conclusions: 

1 . Ganerally speaking, higher filler loading brings better conductivity for the composites 
(Compare 05-1 , -2, -3 with 05-4, -5. -6). 

2. If the majority in the filler composition (fibre/Thermocarb) is T/C (05-3 and 05-6), the 
composite can still have similar conductivity as fibre has the majority (05-1 and 05-4). 

3. The 05-4 with highest fibre loading shown worse conductivity than 05-5 and 05-6. This is a 
strange result and need to be explained later after more examination. One possible cause 
could be that if fibre loading is already high enough to form conductive network, adding extra 
T/C might disturb fibre distribution and damage network. This should be verified later. 



Addendum to 01 2557-05 tX) 

Because UNCF fibre are much more expensive than T/C, injection molding will be tried to use the 
formulation 2537-05-5 and 2557-05-6, which have shown good conductivity but with less fibre 
loading. These will be compounded at first in 200 gram Brabender mixer, then broken manually 
into small pieces retaining fibre length. In order to distinguish from compression molded samples, 
we give new sample code as 2557-05-6B and 2557-05-68. In addition to that, other formulations 
(2557-05-07B, 2557-05-08 and 2557-05-9) are designed to use chopped and NO Prepreg in 
order to compare the effect of resin binder on the conductivity of the injection-molded samples. 

At the same time, Stainless Steel fibres (SS) is chosen to formulate some formulations (2557-05- 
1 0B to 2557-05-1 5B) in order to find some good compression molded samples. 



UNCF 



T/C Concentrate 



LCP 



Formulation 



2557-05-5B 34% 52% 14% 

(1.5 KG) (0.51) (0.78) (0.21) 

(7x214 Gram) (7x72.8) (7x111.4) (7x30) 

(in Brabender blending for 7 batches, each batch is 214 Gram) 

2557-05-6B 17% 78% 5% 

(1.5 KG) (0.235) (1.17) (0.075) 

(7x214 Gram) (7x36.4) (7x167.1) (7x10.7) 
(in Brabender blending for 7 batches, each batch is 214 Gram) 



2557-05-7B 



NC-PP4 T/C Concentrate LCP 
34% 52% 14% 



(1.5 KG) (0.51) (0.78) (0.21) 

(7x21 4 Gram) (7x72.6) (7x1 1 1 .4) (7x30) 

(in Brabender blending for 7 batches, each batch is 214 Gram) 

NC-PP4 T/C Concentrate LCP 



2557-05-8 34% 52% 
(1.5 KG) (0.51) (0.78) 
(Juet dry blend for injection molding) 



14% 
(0.21) 



(34%UNCF+34%T/C+ 
32%LCP) 



(17%UNCF+51%T/C+ 
32% LCP) 



Formulation 

(34%$NC+34%T/C 
32%LCP)\ 



(34%iNC+34%T/C+ 
32%LCP) 
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NC-PPa 



T/C Concentrate 



2557-05-9 34% 52% 
(1.5 KG) (0.51) (0.78) 
(Just dry blend for injection molding) 



LCP 

14% 
(0.21) 



(34%NCP+34%T/C+ 
32%LCP) 



The following formulations consist of Stainless Steel (SS), Thermocarb graphite powder (T/C) 
and resin LCP. These are to be compounded in 40 gram Brabender mixer. 

LCP 

44% 
(17.6) 

44% 
(17.6) 

44% 
(17.6) 

32% 
(12.8) 

32% 
(12.8) 

32% 
(12.8) 

■ Operation conditions and results 

1 . 200 gram Brabender mixing 

Under the condition (set temperature=310C and speed=40rpm), 2557-05-6B was done well. The 
only problem was that the fibre feeding took 20 min in order to get better fibre mixing with resin 
and T/C. After mixing, fewer long fibres ( long enough to be seen with eyes) are visible. This 
means the unsized chopped NO fibre was already broken during the Brabender mixing. 

2557-05-5B has proved to be unsuccessful to mix, because the melted resin and T/C 
concentrate stuck on the mixer and didn't mix with the fibres fed later. The fibres to be fed had 
too larger volume than the resin. ^, u.t^^ 

2557-05-78 was compounded just for 10 min. because the fibre are chopped bundles, easily ted. 
After mixing, some unbroken fibre bundles are still visible. 

2, 40 gram Brabender mixing: 

320°C, Speed=scale 9; . , ^ . • u- - 

At first fed resin. 2 min later fed T/C and then fed SS fibre slowly; mixed for 5 mm after finishing 
feeding SS fibre; stoped motor, opened the mixer; took off the materials and broke into small 
pieces. After mixing, bent long SS fibres are visible. This told us the SS fibres could be bent and 





6S 


T/C 


2557-05-1 OB 


42% 


14% 


MO Gram^ 


(16.8) 


(5.6) 


2557-05-1 IB 


28% 


28% 


(40 Gram) 


(11.2) 


(11.2) 


2557-05-1 2B 


14% 


42% 


(40 Gram) 


(5.6) 


(16.8) 


2557-05-1 3B 


51% 


17% 


(40 Gram) 


(20.4) 


(6.8) 


2557-05-1 4B 


34% 


34% 


(40 Gram) 


(13.6) 


(13.6) 


2557-05- 15B 


17% 


51% 


(40 Gram) 


(6.8) 


(20.4) 
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are good to survive the mixing process. Compression molded sample were made under the 
conditions (9 gram materials, 320C preheating for 5 mins under 1000 lbs, then press under 
SOOOlbs for 10 min and water cooling under same pressure to 90 C). The resistivity measurement 
was done. The results are listed in table 9. 

3. Injection molding (see attached sheet 5 for injection molding conditions) 
During the injection molding of 2557-05- 5B, the following problems arose: 

(1) Very difficult feeding because of the irregular size of the compounded materials (from 
Brabendar). 

(2) Very bad flowability caused plugging of spruce. 

(3) A little amoke has been seen when using injection pressure to open the pluged spruce. This 
smoke could be caused by the possible moisture from the materials or the resin binder. 
Requisition is sent to analytical lab for the resin binder PeOX. 

Just half plaques of 2557-05-7B were obtained from this injection molding rune. 2S57-05-8 and -9 
ware not tried. 10 gram compounded 2557-05-6B and 2557-05-7B were used to prepare 
compression molded samples. The resistivity of the discs are listed In table 9. 



Sample NO. 


Volume Resistance R (O) 


Volume Resistivity p (O- 




Wlwl I 




f^rtmnfftQ^lftn-mnldfid disc 




^OO / -UO-OD \ 1 ) 


ThirknA^^s'^ mm 


Factor=2.5 


0.1725 




(17%UNCF+ 


0.2346 




51%T/C+ 


0.2556 


0.54 


32% LCP) 


0.2037 






Average=0.2l66 




2557-05-6B (2) 


T=2.5mm 


Factor=2 


0.1201 






0.1602 






0.0952 


0.32 




0.3315 






0.1036 






A=0.1601 




2557-05-66(3) 


T=2.5mm 


Factors2 


0.2124 






0.1630 






0.1058 


0.29 




0.0880 






0.1424 






A-0.1423 




2557-05-78(1) 


T=2.5mm 


Factors2 


0.0019 




(34AcpP^ 


0.0016 




34T/C+ 


0.0032 


0.00413 


32%LCP) 


0.0020 






A=0.0021 
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2557-05-7B (2) 



2557-05-7B (3) 



2557-05-1 OB 

(42%UffeF+ 
14%T/C+ 
44% LCP) 



2557-05-1 IB 
(28%yNef^ 56 

28% T/C+ 

44% LCP) 



2557-05- 12B 

(i4%yNeF+ 

42% T/C+ 
44% LCP) 



2557-05-138 

(5i%yNef+ 

17%T/C + 
32% LCP) 



2557-06-1 4B 

(34%yNef>^^^ 

34%T/C-h 
32%LCP) 



tnesaed & Understood by ma, 



T=2.5mm 
0.0048 
0.0037 
0.0041 
0.0047 
0.0031 

A=0.0041 



T=2.5mm 
0.0030 
0.0053 
0.0058 
0.0030 
0.0037 

A=0.0042 



T=1 .7mm 
0.021 
0.0185 
0.0118 
0.0216 
0.0097 

A=0.0165 



T=1.9mm 
0.0340 
0.0609 
0.0415 
0.0298 
0.0313 

A=0.0395 



T=2.6mm 
0.1355 
0.1735 
0.1700 
0.1312 
0.1525 

A=0.1525 



T=1 .8mm 
0.0149 
0.0180 
0.0089 
0.0187 
0.0282 
Average=:0.0177 



T=2.2mm 
0.0827 
0.0770 
0.0690 
0.0413 
0.0432 

A=0.0477 



Factors:? 



O.OOBO 



Factor-2 



0.008 



Factor=1.8 
0.03 

(Some resin drained on 
compression molding) 



Factors 1.8 



0.07 



Factor=2 
0.31 



Factor=1.8 

0.03 



Factor=2 
0.095 
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2557-05-1 SB 

51%T/C+ 
32%LCP) 



T==2.5mm 
0.0400 
0.0289 
0.0320 
0.0590 
0.0604 
A=0.044 



Factor=2 



0.06B 



,n addition to resistivity measurement, op^'co^ were made to several samples in order 
lo ?heck the fibre length or distributions (Fig.jo F.g. ) i p.^e .S:- '0 

From the results we can see ^,^^,,3^). The exact length is 

1 . SS fibres can sun/ive Brabender j"^^^^^ in ^latrix, but the longest ones are 
difficult to measure, because ^^eV were partly .^^^^^ mau« ^^^^y^ ^.^^^^ ^^^^^^ 

, longer than 1 mm (fiQ^l^n^^V ^^^^^^ double higher density than 

F"or ini«o.io7mo^^^ « "'^'^''^^'^ZZz^^t^^ 2557.05-78, it is 

2. Comparing the conductivity ol <;onnpress.o„ has actually lower libro 
eurpri=ina that '^e later has 10 t,me^^^^^^^^ 

!r r;^:^i™po°r,anrq: n^^^ 

3, Fibre loadirig is much molded samples i1 good fibre 

4, NC-prepreg would bnng better f '^^^^n^^^^^ help to prevent fibre breakage. 

s/uS;^rr ro°arg\?r^a",n=^^^^^^^^^ 

Addendum to Ol 2557-05 tU > 

?irng;^r^ron\^sS;^^^^^^^^^^ 

Of T/C or fibre on the conductivity of the composites will be compared. 





NC-PP3 


2557-05-16 


20% 


(2000 g) 


(400) 


2557-05-17 


30% 


(2000 g) 


(600) 


2557-05-18 


30% 


(2000 g) 


(600) 



T/C Concentrate LOP 



15% 
(300) 



15% 
(300) 



65% 
(1300) 

70% 
(1400) 

55% 
(1100) 



Formulation 

(20%NCPP3+10%T/C 
+70%LCP) 

(30%NCPP3-H70%LCP) 



(30%NCPP3+10%T/C 
+60%LCP) 
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No.U 



2557-05-19 


40% 




60% 


(2000 g) 


(800) 




(1200) 








45% 


(2000 g) 


(800) 


(300) 


(900) 


2557-05-21 


20% 


46% 


34% 


(2000 g) 


(400) 


(920) 


(680) 


2557-05-22 


20% 


62% 


18% 


(2000 g) 


(400) 


(1240) 


(360) 



(40%NCPP3+60%LCP) 



(40%NCPP3+10%T/C 
-h50%LCP) 

(20%NCPP3+30%T/C 
-h50%LCP) 

(20%NCPP3+40%T/C 
+40%LCP) 

Re3ult3 of 2557-05-1 6 to 2667-06-22 

1 . Injection molding 

In order to avoid fibre breakage, zero back pressure and possible lowest injection pressure were 
selected for every formulation . For injection molding conditions, please see the attached Injection 
molding sheet (Sheet 6)VThe special features occurring in the injection molding process are 
listed as follows: 



No. 

2557-05-16 
2557-05-17 
2557-05-18 



inieotion pressure 

PI 20% P2 20% P3 20% 

16% 16% 16% 

16% 16% 16% 



2557-05-19 



20% 20% 20% 



2557-05-20 



25% 25% 25% 



2557-05-21 



28% 28% 26% 



Phenomena 

Easy to feed; good fiowabiiity; 
almost no spnjj^e plugging; 
some blisters In plaques 

Easy to feed; good fiowabiiity; 
almost no spruce plugging; 
some blisters in plaques 

Feeding in small amount, 

othenA/ise hopper bridging; 

Increase material pick-up (plast. Velosl.)to 

99%; Not good fibre distribution; 

Some blisters in plaques 

Feeding in small amount. 

othen«/ise hopper bridging; 

Increase material pick-up (plast. Velo8i.)to 

99%; more blisters in plaques 

Feeding in small amount, 

otherwise hopper bridging; 

increase material pick-up (Plast. Velosi.)to 

99%; Not good fibre distribution; 

blisters in plaques 

Good feeding and mold filling; 
fewer blisters; 

Separate between fibre and T/C In plaques 
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2557-05-22 28% 28% 28% same lo above 

2. Volume resistivity 

Volume resistivity of the injection molded plaques were measured with four probe methods. See 
tab 10 for results. 



Tab 10 V-Resistlvltv of 2557-05-16 to -22 



Sample NO. 


Volume Resistance R (Q) 


Volume Resistivity p (H- 
CIVI) 




Injection -molded plaque 
(3 mm thick) 


Factor=2.5 




Parallel to flow 


Vertical to flow 


Parallel to 
flow 


Vertical to 
flow 


2557-05-16 

(20%NCPP3+ 
10%T/C+ 
70% LCP) 


>MQ 


> MQ 


>Mn 




25157-05-17(1) 

(30% NCPP3 + 
70% LCP) 


0.017 
0.020 
0.019 
0.026 
0.028 
A=0.022 


0.011 
0.019 
0.020 . 
0.025 
0.014 
A=0.018 


0.055 


0.045 


2567-05-17(2) 


0.014 
0.032 
0.026 
0.027 
0.036 
A=0.027 


0.020 . 
0.016 
0.018 
0.026 
0.046 
A=0.025 


0.067 


0.063 


2557-05-17(3) 


0.021 
0.027 
0.014 
0.020 
0.035 
A=0.023 


0.011 
0.026 
0.021 
0.013 
0.019 
A-0.018 


0.056 


0.045 


2557-05-18(1) 
(30%NCPP3+ 
10%T/C+ 
60%LCP) 


0.034 
0.018 
0.015 
0.020 
0.016 
A=0.021 


0.026 
0.019 
0.013 
0.013 
0.024 
A=0.019 


0.052 


0.048 
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NISSEI INJECTION MOLDING MACHINE 



J'/ 



,^0 



% 



J'O 



/ 

tec, 



MOtB CLAMP 



* I 



"Jb 



.-.'0 



EJECT 



TEMPSi 



£2L 



MOLD ^/i^/iii 



END USE "/if'ff**^6_ 
CUeTOMER 



PROJHCT* 7S f 



t 

mm. 



INJECTION PRESSURE 



PS 


n 


PI 























sac. 





va 






VI 








« 


% 






ID 










mm. 




mm. 


mm. 



sac. 
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2667-06-18(6) 


0,011 


0.016 






— - 




0.017 


0.009 






— 




0.014 


0.017 


0.033 


0.033 






0.008 


0.013 










0.014 


0.012 






z 




A=0.013 


A=0.013 








2557-05-18(8) 


0.026 


0.015 










0.020 


0.019 






— 




0.020 


0.024 










0.021 


0.010 


0.050 


0.041 






0.012 


0.015 




. 




A=0.020 


A=0.017 








2557-05-19(1) 


0.008 


0.009 








(40%NCPP3+ 


0.016 


0.015 






■ — 


60%LCP) 


0.018 


0.011 










0.010 


0.009 


0.030 


0.025 






0.010 


0.005 










A=0.012 


A=0.01 






— • 


2557-05-19(3) 


0.008 


0.007 










0.008 


0.008 










0.014 


0.014 


0.02a 


0.023 


— ■ 




0.016 


0.007 










0.01 


0.01 










A=0.01 1 


A=0.009 






— 


2557-05-19(5) 


0.007 


0.015 






— 




0.009 


0.009 










0.009 


0.004 


0.025 


0.023 






0.012 


0.009 










0.013 


0.009 










A=0.01 


A=0.009 








2557-05-20(1) 


0.021 


0.011 








40%NCPP3+ 


0.009 


0.012 






... 


10%T/C+ 


0.019 


0.012 


0.039 


0.033 




50%LCP) 


0.014 


0.021 










0.016 


0.009 






... 




A=0.016 


A=0.013 








2557-05-20 (5) 


0.012 


0.008 










0.007 


0.012 










0.010 


0.01 


0.028 


0.022 


.- 




0.010 


0.006 










0.007 


0.008 


• 








A=0.01 1 


A=0.009 








2557-05-20 (6) 


0.014 


0,009 










0.013 


0.007 










0.016 


0.011 










0.017 


0.009 


0.033 


0.023 






0.006 


0.011 










A=0.013 


A-0.094 
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25 " ' 















{it30f-\J0-ci\ 14) 












/olNorro+ 












JU /o 1 /L>+ 




A AC/l 










U.U£;4 




0.10 


0.09 






A AOA 

0.039 


A A 1 










A— n {\A 


A— n nQ7 
A=U.U>3/ 






, — . 
















U.VJ 1 o 


U.U 1 / 











n rtiQ 












U.U<i 1 


U.Ul 1 


0.04 


0.05 






0.01 o 


A A'aA 

0,030 






— 




A=0.0 1 D 


A_A AO< 

A=0.0/il 








2oo7-05-2l (9) 


0.028 


A AAe 

0.026 










0.026 


0.020 










O.O^o 


A Ai 0 
0.01 O 











A AA'4 

0.021 


A AO H 

0.031 


0.059 


0.058 






A Ai D 
0.0 lO 


A A01 

O.Ocl 










A— A9<1 












U.OO 1 










lono/ M^'DD'ij. 


U.U It) 








. . . 


40%T/L«+ 


A AOC 

0.02O 


A AOQ 








40 /oLUr) 


A AOO 

0.022 


A A i A 
0.01 9 


0.066 


0.075 


■-- 




U.UoO 












A=0.026 


A=0.030 








2557-05-22 (4) 


0.022 


0.028 










0.013 


0.034 










0.023 


0.019 


0.060 


0.065 






0.040 


0.018 










0.021 


0.025 










A=0.024 


A=0.025 









Diaoussion 

ie results of volume resistivity showed that with 40% NCPP3 we can achieve the resitivity of 
02-0.03 which Is very close to our target 0.01 . 

crease of fibre loading from 30% to 40% caused revolutionary change In resistivity (connparing 
^ and ifl). This tells us the percolation point Is in the range of 30 to 40%. 
'C powoer does help build conductive network If the fibre loading alone is not high enough to 
rm the network. This is verified in comparing 16, 21 and 22. 

the fibre loading is already high enough to form a network, adding T/C powder to the fibres 
Desn't help bring better conductivity. Even it will affect the conductivity because it will disturb 
jre's flow and distribution. 

listers in plaques told us that lower processing temperatures should be used or other resin 
nders should be chosen because the blisters were probably from the resin binder PP3. 

Addendum to 01 2557-05 CD^ 

he following formulations will be tried under lower injection molding temperatures in order to 
oeck the cause of blisters in the samples done last time. The materials are dried at 102C for 38 
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hrs. At the same time the NC-prepreg with other resin binders will be tried. 

NC-PP3 T/C Concentrate LCP Formulation 



2657-05-1 9R 40% 



2657-05-23 
(2000 g) 



2557-05-24 
(2000 g) 



(800) 

NC-PP6 

40% 
(800) 

NC-PPl 

40% 
(800) 



T/C Concentrate 



T/C Concentrate 



60% 
(1200) 

LCP 

60% 
(1200) 

LCP 

60% 
(1200) 



(40%NCPP3+60%LCP) 
Formulation 

(40%NCPP6+60%LCP) 
Formulation 

(40%NCPP1 +60%LCP) 



(J r- A ) ^^^^ Results 
Inlectlon moldino fsee attached sheet 7 for injection molding conditions) 

1 . Feeding was good only if small amount of materials were fed every time., otherwise the fibres 
would form bridging and stop the feeding. 

2. The same injection pressure was used for all the three formulations. Mold filling had no 
problem. 

3. Although lower barrel temperatures (than last time) were used, there were still many blisters 
or voids in plaques of 2557-05-1 Q^and 2557-05-24. tn plaques of 2557-05-23 there were 
fewer blisters. The sample surfaoae looked much better. 

ReslsTlvlTV of the injection molded plaques 

Volume resistivity of some plaques were measured with four probe methods. See table 1 1 for 
results. 

Tab 1 1 V-Resistlvity of 2557-05-16 to -22 





Sample NO. 


Volume Resistance R (O) 


Volume Resistivity p (Or 










CM) 






Injection -molded plaque 










(3 mm thick) 


Factor=2.5 






Parallel to flow 


Vertical to flow 


Parallel to 


Vertical to 










flow 


flow 




2557-05-1 9R(2) 


0.0187 


0.015 










0.0350 


0.018 








(40%NCPP3+ 


0.0120 


0.009 


0.063 


0.034 




60% LCP) 


0.0260 


0.014 










0.0350 


0.012 










A=0.025 


A=0.014 
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2557-05-1 9R(3) 


0.0129 


0.0140 








0.0145 


0.0130 








0.0143 


0.0150 


0.043 


0.046 




0.0182 


0.0390 








0.0270 


0.0104 








A=0.0174 


A=0.0182 






2557-05-23(3) 


0.0136 


0,0145 






(40'"/&QNPP6+ , 


>Mfi 


0.0034 






60%LCP) ^-J^^ 


>Mn 


0.0052 


? 


? 






0.084 








A=? 


>Mn 










A=:? 






2557-05-23(4) 


>Mn 


>Mn 








0.0090 


0.0077 








0,0152 


>Mn 


? 


? 




0.0139 


0.0036 








>Mfi 


0.0072 








A=? 


A=? 






2557-05-24(1) 


Reading 


Reading 






(40%NCPP1 + 


changed from 


cnangeu rrom 






60%LCP) 


Mn->0.003 


Mn->0.003 






2557-05-24(2) 


Reading 


Reading 








changed from 


changed from 


? 


? 




MO->0.003 


Mfi->0.003 







1. 



Discussion 

Although lower barrel temperature were chosen and the materials were dried before Injection 
molding, there were still many blisters in 19R and 24. This means the temperature is still too 
high for these two sorts of resin binders (PP3 and PP1). There were much fewer blisters in 
23. This tells us that the resin binder PP6 has much higher thermal stability. 
19R gave a little worse conductivity than last time (19). This means processing conditions 
have influence. Lower processing temperature might have affected the fibre distribution. This 
is to be verified using microscope. 

23 and 24 showed strange phenomina above on measuring the resistance. These could 
result from that the fibre loading is very close to the percolation point. In order to verify that, 
we need increase fibre loading to see how the conductivity changes. 

iMMkto to 01 2557-05 

Lower processing temperatures will be used if we use the same LCP or we chose other LCP 
resin with lower melting point. 

Higher fibre loading will be used In the systemilike 23 and 24. 
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_MC. 



/ 

sec 



Jo 



MOLDCUMP 



/A 

% 



MOLPOppf^ 



0 



psl_ 



OC 



OC 



MOLD 



0I» ^i'i-l-Ot' 



% 



TEMPS: 



DATE Oct. f/9g 

END USE -/f'jr*^c 

CUSTOMER yt/g/ r'^J^ 
PROJECT* IJ/JZ 



/f 

It 



JNJECTION VELOCiry 



% 



VI 



mm. 



/a 

mm. 



56 

mm, 



mm. 



INJECTION PRESSURE 



P3 




PI 












% 




% 




% 



sac. 



sa 



cac. 



MELI _ iil>l_oF 

NOZZLE _ y^0 OF 
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01 255738 Compounding of NCPP3/LCP on W&E twin screw extruder y. Cch 

This oi is addendum to 01 2557-05. The fleneral Information and applicable features from 
01 2557-05 are still valid for 01 2557-2^ Only the differences and new Issues will be 
highlighted as following. 

1. PURP0SE 

W&E extruder is chosen to compound NCPP3 filled LCP, because W&E extruder can make 
much more gentler mixing than W&P twin screw extruder. A single strand die will be used on 
W&E. The extrudate will be cooled in air and pelletized for injection molding. 2 KG pellets will be 
prepared for each formulation. 

2. SPECIAL SAFETY ISSUES AND MEASURES FOR THESE EXPERIMENTS 

(1) Nickel Coated carbon fibres are highly electrically conductiv©. Although the fibres are bundled 
with resin binders, there are still some short fibres or bundles which can fly in the air. Therefore, 
sucking vent must be installed above the fibre feeding hopper and care must be given to prevent 
the fibres from flying into any electrical instruments. 

(2) The standard fibre size we will use in the experiment is Va inch long, 8 in diameter. Short 
NC fibres could be inhaled into human body and cause heath problems. The International 
Agency for Research on Cancer (lARC) concluded that metallic nickel is possibly carcinogenic to 
humans. Therefore, we will use the procedures outlined in OI-2442-51 (auxiliary hopper) to 
control possible exposure to nickel-coated fibres. The auxilliary hopper will be filled with nickel 
coated fibres in fume hood and installed onto the fibre feeder Engelhardt. Once compounded, 
the nickel-coated fibres will be "encapsulated in LCP resin as such prevent direct exposure. 
Operators should wear mask and gloves to avoid direct skin contact with nickel coated carbon 
fibres. Please refer to MSDS of nickel coated carbon fibres for detailed information on safety 
issues. 

(3) The nickel coated carbon fibres NCPP3 to be used has 0.5% amino silane coupling agent 
and 20% polyethylene resin binder on the fibre surface. According to fibre supplier's information, 
the minor amount of coupling agent and polyethylene reein binder will not cause problems during 
the extrusion under 300C. Care should be given to any possible thermal degradation of these 
materials. If any degradation occurs, virgin PE will be used to flash the barrel. 

(4) High filler loading can cause too high melt torque during the extrusion. Therefore, care should 
be given on starting. If this occurs, PE will be used to flash out the materials from the barrel. 

(5) Good ventilation must be kept above the resin hopper and fibre feeder or vent. 

(6) All filler materials are to be handled in a fume hood (or other ventilated enclosure) 

3. PROCESS VARIABLES 

(1) Formulations 

Ol-No. NCPP3 LCP 

2557-^-1 40% 60% 

2557-2^2 50% 50% 

If the filler loadings are too high and cause die plugging problem, please try the following 
formulations: 

NCPP3 LCP 
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2557-29-3 
2557-^-4 



20% 
30% 



80% 
70% 



(2) Operation Conditions 
Feeding 

Engelhardt Vibra (FB) will be used for feeding resin quantitatively into resin hopper. Engelhardt 
Vibra & Belt (FA) with a auxiliary hopper will be used to feed fibres into the front vent hopper. 

Screw configuration: Special " ' D' * 
Die type; Single hole (Med.) 
Temperatures: 

Zone 1 (Rear) Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 

°F 440 540 555 555 555 555 

Zone 31 Zone S2 Zone S3 Zone 84 Die 
555 655 540 540 540 

Extrudate cooling 

If the extrudate can not be well conveyed just after air cooling, please use water cooling. 
Procedures (refer to Standard Practice) 
For 2557-2I-I 

-Clean the machine using PE 
-Virgin LCP to flash the barrel 
-Feed LCP resin to reach the output of 6 LBS/hr 

-Regulate the fibre feeding rate to reach the total output (LCP+Fibre) of 10 LBS/hr 

For 2557-2^2 

-Clean the machine using PE 
-Virgin LCP to flash the barrel 
-Feed LCP resin to reach the output of 5 LBS/hr 

-Regulate the fibre feeding rate to reach the total output (LCP+Fibre) of 10 LBS/hr 

If the filler loading s are too high and cause die plugging problem, try 2557-05-3 and 2557-05-4. 
For 2557-ig3 

-Clean the machine using PE 
-Virgin LCP to flash the barrel 
-Feed LCP resin to reach the output of 6 LBS/hr 

-Regulate the fibre feeding rate to reach the total output (LCP+Fibre) of 7.5 LBS/hr 



For 2557-^-4 



-Clean the machine using PE 
-Virgin LCP to flash the barrel 
-Feed LCP resin to reach the output of 6 LBS/hr 
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late the fibre feeding rate to reach the total output (LCP+Flbre) of 8.6 LBS/hr 
lat, cleaning the barrel using PE and the fibre hopper using special vacuum. 

e ^ ,^ Results 

. See run sheet (Sheet 8) for extrusion conditions 



